When you write on the blackboard, you use much larger movements than when you write in a notebook. Yet, the large letters written on the blackboard will appear very similar to the small letters written in the notebook. How does your brain generate these different writing movements? Does it use a single set of commands for both the notebook and blackboard-or multiple commands? In this article, we will present an experiment in which we measured brain activations of people while they were writing letters of different sizes and discuss what we can learn from this experiment about the brain commands that generate these movements.
When you write on the blackboard, you use much larger movements than when you write in a notebook. Yet, the large letters written on the blackboard will appear very similar to the small letters written in the notebook. How does your brain generate these different writing movements? Does it use a single set of commands for both the notebook and blackboard-or multiple commands? In this article, we will present an experiment in which we measured brain activations of people while they were writing letters of different sizes and discuss what we can learn from this experiment about the brain commands that generate these movements.
Humans have a remarkable range of movements. We walk, dance, write, type, speak, and play different sports, without thinking too much about how we move. We can also perform the same actions using large or small movements, such as when taking a small or a large step, and using slow or fast movements, such as when typing a text message when you are in a hurry. But how does the brain control these diverse movements?
RELATING BETWEEN MOVEMENTS AND BRAIN ACTIVITY
Even a simple movement, such as waving goodbye, involves a chain of reactions that travels through multiple parts of the body. These include the brain, muscles, bones, and joints (which are the areas where two bones meet). To generate a movement, the brain sends signals to the muscles through nerves in the nervous system. Muscles contract and work together with the joints to move the bones. Finally, the movement of the bones causes a change in the body's position. Figure 1 shows a movement of the forearm, together with four different kinds of measurements we use to study movement: (1) the activity of cells in the brain, (2) the activity of the muscles of the upper arm that cause the forearm to move, (3) the angle at the elbow joint that connects the bones of the upper arm and forearm, and (4) the position of the tip of the hand during the movement. Examining each of these measures and how they change during movement can help us understand how the brain controls our actions.
WHAT CAN WRITING MOVEMENTS TELL US ABOUT HOW THE BRAIN CONTROLS MOVEMENTS?
An interesting example that may give us a clue on how the brain generates diverse movements comes from studying handwriting. Scientists have noticed that writing in a notebook and writing on the blackboard does not change the shape of the letters, although the movements we use to write on the blackboard are much bigger. By measuring how the position of the hand changes during movement, they showed that the letters' shapes remain almost identical, regardless of the letter size ( Figure 2 ). Additionally, the arm speeds up and slows down in a very similar way during the writing movements [1, 2] . These similarities were observed not only in writing movements of different sizes but also when writing using different body parts, such as when holding a pen using the foot, or even the mouth! [1, 3] .
One explanation for these examples is that one mechanism in the brain is responsible for the shape of the movement, while a different mechanism is responsible for the overall movement size. In other words, whether you write
Generating a movement involves a chain of reactions that propagates from our brain to multiple body parts. Here, a movement of the forearm from point A to point B starts from the activation of cells in the brain (1) that instruct the muscles in the upper arm to contract (2), causing a change in the angle of the elbow joint (3), and a change in the position of the arm in space (4) . Handwriting and the Control of Movements 
FIGURE 2
On the top row, you can see examples of small and large letters (about twice as big) written by three participants. The scale on the left shows the size of the letters. The green letters are the large letters, and the orange letters are the small letters. On the bottom row, we enlarged the small letters and drew them on top of the large letters. Notice how similar the shapes of the letters are. There is almost no difference! a small letter or a large letter, the brain commands that determine the shape of the letter will be similar, while the brain commands that determine the size of the letter will be different (Figure 3 ). But how can we examine the underlying brain activity?
FIGURE 3
When writing the same letter in different sizes, the shape of the letter remains similar. One explanation for this could be that there are two different mechanisms in the brain, one that is responsible for generating the shape of the movement and another that is responsible for the size of the movement.
WHAT HAPPENS IN THE BRAIN DURING WRITING MOVEMENTS?
To examine the idea that the brain uses a similar command to determine the shape of the movement regardless of the letter size, we conducted an experiment in which we measured brain activity of participants while they were writing letters of different sizes [4] . The participants were asked to write three different letters-"a, " "s, " and "n"-in two different sizes. While the participants were writing the letters we scanned their brain in a magnetic resonance imaging (MRI) scanner (see Figure 4A) . The MRI scanner measures brain activity using an electromagnetic field and radio waves and gives us a measure of the activity in different regions of the brain.
We found that two regions in the brain showed similar activations during writing movements of different sizes. One region, called the anterior intraparietal sulcus, is known to be involved in movement planning and in the coordination between the eyes and hands, like when you reach to grab a glass of water. The second region is the primary motor cortex, which is thought to be one of the final "stations" that sends movement commands to the muscles ( Figure 4B ). The fact that these brain areas showed a similar activation when a small "a" and a large "a" were written, for example, tells us that these brain areas send similar movement commands to the body when a person writes similar shapes with different sizes. What about the size of the movement? The commands that set the size of the movement may arrive from a different region in the brain. However, we still don't know what this region is and how exactly the brain signals the size of the movement.
These findings help us understand how the brain generates the body's entire range of movements. For example, by using separate commands for generating the shape of a movement and its size, we do not need to re-learn to write the letter "a" when we approach the blackboard. Although it is only a small piece of the puzzle, we can try to use these findings when performing different movements. What happens if you practice your writing using your entire arm, or by moving your whole body? Can you improve in performing a dance move if you practice using only small movements of your body? We definitely need more experiments to answer these questions, but we encourage you to try and find out for yourselves! ORIGINAL SOURCE ARTICLE 
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MRI
A magnetic resonance imaging (MRI) scanner looks like a small tunnel that a person lies in. The scanner uses electromagnetic fields and radio waves to take pictures of the brain. This is a non-invasive device, which means that it allows us to look inside the brain without going inside, just like X-rays can give us a picture of bones. The method we use to scan the brain to detect brain activity is called fMRIfunctional magnetic resonance imaging. This method allows us to detect blood flow to active areas in the brain. For example, when we watch movies, areas in the brain that are involved in vision will be active and blood flow will increase to these areas. The MRI scanner will give us a measure of the blood flow, and we can use it to construct a map of the activity in the brain.
ANTERIOR INTRAPARIETAL SULCUS
A brain region located in the parietal lobe that is involved in planning movements and in eye-hand coordination.
PRIMARY MOTOR CORTEX
A brain region located in the frontal lobe that is involved in sending movement commands to the muscles. Together with my students and colleagues, I focus on research in computational neuroscience, human motor control, movement disorders, and on motion control in biological (e.g., octopus) and soft robotic systems.
